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Abstract—For a conventional launch into an MMF, a large 
number of modes are excited, entailing significant modal 
dispersion and limiting the bandwidth of the MMF link.  To 
mitigate modal dispersion in MMF, a new single mode field 
generation technique using a transmissive spatial light modulator 
and a set of lenses is proposed and demonstrated experimentally. 
The rapid reconfiguration speed of the SLM surmounts the mode 
switching limitations of previous single mode field generation 
techniques while allowing for adaptive updating of the incident 
field on the MMF.   For modes up to azimuthal and radial 
mode numbers of 4, the generated modal electric fields 
achieved high power coupling efficiencies, in the range of 
90.15% to 95.79%. 
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ultimode fiber is the medium of choice in LANs due to 
its low cost and ease of installation compared to single 
mode fiber [1].  With escalating multimedia traffic [3], future 
multi-gigabit demands will soon overwhelm a typical MMF 
backbone link capacity under conventional transmission 
methods [4-7].   This has stimulated research on techniques to 
support future demands over existing MMF initially designed 
for data rates up to 100Mb/s [4-7].  These techniques include 
wavelength division multiplexing (WDM) [8-10], subcarrier 
multiplexing [11-13], offset launching [7], electronic 
dispersion compensation (EDC) [14-15], single mode 
generation at the input [16-18], modal multiplexing [19-20], 
and holographic optimization [21-22]. 
Modal dispersion is the main source of bandwidth 
limitations in MMF.  In order to mitigate modal dispersion, 
confinement of the channel to the least possible number of 
modes is desirable.  This may be achieved by selective mode 
excitation.  At the MMF input, the electric field for a single 
mode is generated and coupled into the MMF.  Despite the 
inevitable power modal coupling effects in the MMF channel, 
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significant mode filtering at the input reduces the degree of 
modal dispersion. .Single mode field generation may be 
achieved by employing air pressure controlled masks [18],  
computer-generated masks [16],  laser drive schemes [17] or 
by prism coupling [23-24].   The preparation of masks [16, 
18] or geometrical divisions of a certain part of the transmitter 
[17] may be required prior to the experiment.  Compared to 
offset launching [7], selective mode excitation has finer mode 
selectivity due to better confinement of the channel to a 
smaller number of modes.  The confinement of a channel to a 
small number of modes leaves other modes available for the 
deployment of additional channels.   
The main limitation of previous single mode field 
generation techniques is the complexity in customizing the 
masks [16, 18] or the transmitter [17].  The response time 
during mode switching may also be prolonged due to the 
change in the mask or element of the transmitter required for a 
change in the mode to be excited.  Recognizing the need for 
an efficient and effective technique to mitigate modal 
dispersion in MMF, in this work, a new experimental 
technique for single mode generation has been developed. 
Single mode field generation by means of a transmissive 
spatial light modulator (SLM) is proposed. The rapid 
reconfiguration speed of the SLM [25] surmounts the mode 
switching limitations of previous single mode field generation 
techniques.  Furthermore, the versatility of the SLM allows 
for adaptive updating of the incident field on the MMF [21]. 
In order to understand the experimental work and the 
results, relevant concepts on modes in an infinite parabolic 
MMF will be reviewed in Section II.  An overview of the 
mathematics involved in the generation of the modal electric 
field to be coupled into the MMF will be described in Section 
III.  Section III then describes the simulation of the holograms 
used for generating the modal electric field in the experiment.  
This is followed by Section IV which discusses the 
experimental setup, procedure and results.   
 
II. MODES IN AN INFINITE PARABOLIC MULTIMODE FIBER 
Graded-index MMF is commonly approximated by an 
infinite parabolic refractive index profile.  Modes in a weakly-
guiding MMF are commonly known as linearly polarized 
modes or LPlm modes, where l = 0, 1, 2.. is the azimuthal 
mode number and m = 1, 2,... is the radial mode number.  The 
degenerate forms for the transverse electric field for the LPlm 
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mode  in  a  weakly-guiding infinite  parabolic   MMF, elm are 
{ } { } { }ˆ ˆ ˆ ˆ ˆ ˆcos sin , cos sin , sin coslm lm lml l F l l F l l Ff f f f f f- + +x y x y x y
and { }ˆ ˆsin cos lml l Ff f-x y  [26], where x̂  and ŷ are unit vectors 
parallel to the x- and y-axes respectively and orthogonal to the  
MMF  cross-section; and Flm is the radial dependence of the 
transverse electric field, given by  
 ( ) 2 21( ) exp( 0.5 )
l l
lm mF R L VR VR-= - . (1) 
The function ( ) 1
l
mL -    is the generalized Laguerre polynomial,  
R 
is the normalized core radius and V is the normalized 
frequency. 
 
III. MATHEMATICAL OVERVIEW 
The new technique for generating a modal electric field for 
a multimode fiber channel is adapted from a microscopy 
technique by Neil et al. [2] for tuning the pupil function of the 
objective lens in a confocal microscope. The experimental 
setup is shown in Fig. 1.  The main component is a 
transmissive spatial light modulator (SLM), controlled by a 
computer. Other components include a set of lenses and a 
pinhole.  In [2], two lenses are used, whereas in this work, 
three lenses are used for stage-by-stage reduction of the size 
of the generated modal electric field, in order to minimize 
spherical aberration of the  generated modal electric field to be 
coupled into the MMF.  A summary of the new technique is 
given in Fig. 2 and is described briefly as follows.  
First, any polarization of the inherent electric field for the 
LPlm mode c(x1, y1) is Fourier transformed.  Next, a linear tilt 
is added to the polarized modal field in both the vertical and 
horizontal directions, following the approach in [2].  This 
yields the complex field: 
 1 1 1 1 1 1( , ) ( , ) exp[ ( )]x yf x y d x y j x yt t= +  (2) 
where x1 and y1 are spatial coordinates of the Fourier 
transformed modal field in the Fourier plane shown in Fig. 1 
and  d (x1, y1) is the polarized Fourier transform of the modal 
electric field; t x and t y are linear tilt constants in the 
horizontal and vertical directions respectively.  
 Following this, the phase of the complex field  is binarized 
according to the amplitude mapping shown in Fig. 3, from [2].   
The binarized modal field is then displayed on the SLM.  It is 
convenient to express the binarized waveform as:  
 { }1 1 1 1 1 1
1
4( , ) cos [ ( , ) ]o n x y
n




= + + +∑  (3) 
where ao is the constant term and ]1 1sin ( , )na n x y na=  is 
the Fourier cosine coefficient of the Fourier series expansion.   
 L1 then takes the Fourier transform of the binarized modal 
field on the SLM.  From the Fourier series expansion in      
Eq. (3), it is clear that that Fourier transformed modal field in 
the back Fourier plane of L1 is given as: 
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where 2x  and 2y  are spatial coordinates in the Fourier plane 
of L1, as shown in Fig. 1, * is the complex conjugate and     
Mn (x1, y1) is the n-th diffraction order.  The effect of the tilt is 
to separate the diffraction orders in the Fourier plane.  M1, also 
a magnified version of the modal electric field  c(x, y), is then  
spatially filtered using a pinhole. 
The combination of L2 and L3 scales the magnified modal 
electric field by the conjugate ratio of L2 and L3.  The input 
endface of the MMF is placed in the back focal plane of L3 to 
couple the generated modal electric field.  The applied tilt is 
removed by moving the two lenses laterally.    
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Fig. 2  Summary of technique used for generation of modal electric field 
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Fig. 1  Experimental setup 
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IV. SIMULATION OF SLM HOLOGRAMS 
Prior to the experiment, the binarized SLM hologram for 
the desired mode was simulated using MATLAB.  The steps 
for this are given in Fig. 2, in dashed arrows.  First, a linearly 
polarized modal electric field for the desired mode was 
simulated.   The array of the original modal electric field was 
128 x 128 pixels.  Secondly, the Fourier transform of the 
polarized modal electric field of the desired mode was taken.  
To increase the discernibility of fine details in the Fourier 
plane, the original modal electric field array was zero-padded 
to form a 480 x 480 pixel array before taking the Fourier 
transform.   The center of the 480 x 480 pixel Fourier plane 
was then cropped to an array of 128 x 128 pixels to match the 
number of pixels on the SLM.   Thirdly, tilt constants t x = 
80p and t y =120p  were added to separate the diffraction 
orders in the Fourier plane of L1, following [2].  Finally, the 
tilted field was then binarized according to the phase mapping 
scheme in [2], shown in Fig. 3.  Fig. 4 illustrates a typical 
Fourier transformed modal electric field pattern and the 
corresponding binarized pattern for the SLM.  
 
 
V. HOLOGRAPHIC MODE FIELD GENERATION EXPERIMENT  
A. Experimental Setup 
The new technique for holographic single mode field 
generation in a MMF was realized using a transmissive binary 
amplitude SLM and three lenses, as shown in Fig. 1.  The 
lenses used were achromatic doublets of f1=300mm (L1) and 
f2=100mm (L2); and a fiber collimator with an aspheric lens of 
f3=11mm (L3).  A 632.8nm Helium Neon laser was used.  A 
visible laser was chosen for ease of alignment of optics and to 
easily view the generated modal field at various points along 
the system.  A 128 x 128 pixel SLM was used to display the 
binarized modal electric field.   The MMF used was a 1km-
long graded-index Thorlabs GIF625, with a = 1.81. 
 
B. Experimental Demonstration of Single Mode Field 
Generation and Coupling into MMF 
To generate the required theoretical modal electric field 
incident at the MMF input, the binarized hologram described 
in Section IV was displayed on the SLM, for the desired 
mode. A collimated beam from the laser was expanded 20 
times and directed through the transmissive SLM.  The 
binarized modal electric field pattern on the SLM was Fourier 
transformed by L1 and observed in the Fourier plane of L1.  
As an example, the Fourier plane of L1 for LP41 is shown in 
Fig. 5.  The location of the first diffraction order, M1 is also 
shown.  A 0.2mm diameter pinhole was then used to spatially 
filter M1. M1 was then scaled to the inherent size of the modal 
electric field of the MMF by L2 and L3.    
The MMF was connected to the FCPC connector of the 
fiber collimator, located in the back focal plane of L3.  This 
couples the generated modal electric field into the MMF.  The 
generated electric field for the desired mode was coupled into 
a 1km-long MMF.  LPlm modes within the range of azimuthal 
mode number l = 0, 1, .. 4 and radial mode number m = 1, 2, 
..,4 were excited. 
 
C. Power Coupling Efficiency of Generated Modal Field 
The generated modal electric field was measured before 
coupling it into the MMF.   A microscope objective was used 
to enlarge the modal electric field in the back focal plane of 
L3 and a charge-coupled device (CCD) camera was placed at 
the back of the microscope objective to measure the amplitude 
distribution of the generated modal field.  As an example, the 
amplitude distribution of the generated modal electric field for 
LP14 is shown in Fig. 6. A temporal phase shifting 
interferometer [27] was developed using the SLM, in order to 
measure the phase of the generated modal electric field.  The 
measured amplitude and phase distributions of the generated 
modal electric field for the desired mode were combined to 
obtain the electric field of the generated mode, Ein.  The 
power coupling efficiency into the desired mode at the input 
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where Ein is the generated electric field of the desired mode at 
the input and elm is the polarized transverse electric field for 























Fig. 3  The  mapping of a complex field, f (x1, y1) = u(x1, y1) + jv(x1, y1) 














































Fig. 4 Fourier transform of electric field of LP21 and the corresponding 
binarized SLM hologram 
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generated modal electric fields, in the range of 90.15% to 
95.79%.  This is the percentage of the power of the generated 
modal electric coupled into the MMF at the input, assuming 
no other losses.   
 
VI. CONCLUSION 
A new efficient holographic single mode field generation 
technique for mitigating modal dispersion in MMF using a 
transmissive spatial light modulator and a set of lenses was 
demonstrated experimentally.  The rapid reconfiguration 
speed of the SLM surmounts the mode switching limitations 
of previous single mode field generation techniques while 
allowing for adaptive updating of the incident field on the 
MMF.  For modes up to azimuthal and radial mode numbers 
of 4, the generated modal electric fields achieved high power 
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Fig. 6 Measured amplitude distribution of generated modal field for LP14



















Fig. 5 Measured intensity distribution of Fourier plane of L1 for LP41
mode and location of first diffraction order 
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